Peroral antidiabetics from thiazolidinedione (glitazone) group showed oncostatic effects in preclinical models. This study evaluated chemopreventive effects of rosiglitazone in N-methyl-N-nitrosourea-induced mammary carcinogenesis in rats. N-methyl-N-nitrosourea was administered in two intraperitoneal doses each per 50 mg/kg b.w. between 40 th and 51 st postnatal days. Rosiglitazone was administered in a diet at a concentration of 10 ppm and 100 ppm, respectively, 9 days before the first carcinogen dose until the termination of the experiment. During the experiment the animals were weekly weighed and palpated for the presence of mammary tumors and estimation of latency period, tumor frequency per group and animal, and tumor volume were recorded. The experiment was terminated 16 weeks after the first carcinogen dose, basic tumor growth parameters and selected metabolic and hormonal variables were evaluated. Chemoprevention with higher rosiglitazone dose decreased tumor frequency per group by 44%, other tumor parameters (incidence, tumor frequency per animal) were decreased insignificantly (at both doses), latency period was not changed. Rosiglitazone administration decreased cumulative tumor volume, more efficiently at lower dose. Glycaemia and insulinaemia decreased after lower rosigitazone dose administration but glycaemia did not exceed normal values. Higher rosiglitazone dose alleviated some metabolic alterations resulting from cancer progression more effectively but induced a prominent cardiac hypertrophy.
Pathways regulating cell proliferation and glucose homeostasis are interconnected which is supported by higher cancer incidence in diabetic patients [1] [2] [3] . Impaired insulin signaling shifts the balance between two counteracting pathways, anabolic mTOR (mammalian target of rapamycin) and catabolic AMPK (adenosine monophosphate-activated protein kinase), towards mTOR which results in increased cell proliferation and supports carcinogenesis [4] [5] [6] [7] . AMPK activators such as metformin (a widely used peroral antidiabetic drug from biguanide group) inhibit various cancers both in vitro and in vivo and clinical results of metformin support its role in reducing cancer risk in diabetic patients too [8, 9] . Another group of peroral antidiabetics, thiazolidinediones (such as pioglitazone and recently suspended rosiglitazone) exert oncostatic efficacy as well, which was reported in numerous studies [10] [11] [12] . Thiazolidinediones are selective agonists of peroxisome proliferator-activated receptor γ (PPARγ) which belongs to PPAR family, a group of transcription factors involved in controlling metabolism, cell growth, angiogenesis, and immune and inflammatory responses [13] . Antitumor activity of thiazolidinediones has been attributed to activation of PPARγ receptors but cancer cell growth inhibition independent of PPARγ was also reported [14, 15] . Thiazolidinediones activate AMPK too [16, 17] , which contributes to their oncostatic efficacy and other mechanisms may be involved as well, such as aromatase inhibition [18] .
In vivo reports on thiazolidinediones confirmed their anticancer efficacy too, but it should be emphasized they are much less in number. Animal studies showed inhibition of glioma [19, 20] , neuroblastoma [21, 22] , lung [23] , pancreatic [24] , liver [25] [26] [27] , colon [28] , adrenocortical [29] , ovarian [30, 31] , and melanoma cancer cells [32] . Thiazolidinedione administration inhibited mammary carcinogenesis too, which was reported by several authors including our group [33] [34] [35] [36] . Reports on thiazolidinedione administration in cancer patients, however, are scarce. Rosiglitazone (ROS) administration in breast cancer patients was ineffective, but pioglitazone in combination with cyclooxygenase-2 inhibitors led to some response in patients with metastatic melanoma, soft tissue sarcoma, and glioma [11] .
Human data on cancer incidence in diabetic patients treated with thiazolidinediones are controversial and both increased and decreased risk was reported. Recently conducted study showed decreased liver cancer incidence in pioglitazone and ROS users [37] . Govindarajan et al. [38] found a 33% lower incidence of lung cancer in thiazolidinedione users in comparison with non-users but the duration of use was not considered and the study was not able to account for smoking history. Other trials found no difference in comparison with other treatment, however, duration response analysis was either missing [39] or did not last for more than 52 weeks [40] . Ramos-Nino et al. [41] suggested positive association between overall cancer rates and the use of thiazolidinediones, particularly ROS, and particularly among women but it should be emphasized that assessment of the risks for individual cancers was not performed. A positive but insignificant association between pioglitazone use and urothelial bladder cancer was revealed, which should be considered in patients with risk factors for bladder cancer [42, 43] .
The aim of this study was to evaluate ROS efficacy in well-established in vivo mammary cancer model using Sprague-Dawley rats and N-methyl-N-nitrosourea as carcinogenesis inducer. The same model was used in our previous work where we confirmed antitumor property of pioglitazone [36] . Again, we chose preventive-curative model in order to cover both initiation and promotion/progression stage of carcinogenesis. As long-term thiazolidinedione administration may have some deleterious metabolic effects, we evaluated chosen metabolic and hormonal parameters in addition to tumor growth determinants.
Materials and methods
Female rats of Sprague-Dawley strain (AnLab, Prague, Czech Republic) aged 31-35 days were used in the experiment. The animals were adapted to standard vivarium conditions with temperature 23±2°C, relative humidity 60-70%, artificial regimen light:dark 12:12h (lights on from 7 a.m., light intensity 150 lux per cage). During the experiment the animals (4 per cage) were fed the Ssniff diet (Soest, Germany) and drank tap water ad libitum.
Mammary carcinogenesis was induced by N-methyl-N-nitrosourea (NMU) (Sigma, Deisenhofen, Germany) administered in two intraperitoneal doses (50 mg/kg b.w.), the first between 40 th -44 th and the second between 47 th -51 st postnatal days. NMU solution was freshly prepared prior to carcinogen administration by dissolving NMU in physiological solution (the average volume dose per rat was 0.5 ml).
Chemoprevention with ROS (Avandia, GlaxoSmithKline) was initiated 9 days prior to first carcinogen administration and lasted until the end of experiment -16 weeks after the first NMU application. ROS was administered in a diet at two concentrations: 10 ppm and 100 ppm.
Animals were randomly assigned to one of four experimental groups: (1) NMU, control group without chemoprevention; (2) NMU+ROS10, chemoprevention with ROS at a concentration of 10 ppm; (3) NMU+ROS100, chemoprevention with ROS at a concentration of 100 ppm; (4) INT, intact group. Each group except the intact group consisted of 20 animals, the intact group consisted of 10 animals. Animals were weekly weighed and palpated in order to register the presence, number, location, and size of each palpable tumor. Food and water intake during 24 hours was monitored within the 5 th , 10 th , and 15 th week of experiment (dated from the first NMU injection), overall in 12 measurements (4 times in a given week). Daily intake of ROS ranged from 0.14-0.22 mg/rat/day in NMU+ROS10 and 1.4-2.1 mg/rat/day in NMU+ROS100, respectively.
Tumor growth parameters were evaluated in each group: tumor incidence (as the percentage of tumor-bearing animals per group), latency period (the period from carcinogen administration to the appearance of first tumor), tumor frequency per group (as the average tumor number per group), tumor frequency per animal (as the average tumor number per tumor-bearing animal in the group), and tumor volume. Tumor incidence was evaluated by Mann-Whitney U-test, other tumor parameters by one-way analysis of variance or Kruskal-Wallis test, respectively, the criterion for the choice of the relevant test was the Bartlett´s number value. Tumor volume was calculated according to formula: V = π . (S 1 ) 2 . S 2 / 12; S 1 and S 2 are tumor diameters; S 1 < S 2 .
In the last -17 th week of experiment, the animals were quickly decapitated, mammary tumors were excised and weighed and tumor size was recorded. Macroscopic changes in selected organs (liver, spleen, kidney, stomach, intestine, and lung) were evaluated at autopsy. Tumor samples were taken for histopathological analysis. The tumors were classified according to the criteria for the classification of rat mammary tumors [44] . Basic metabolic and hormonal parameters were determined in serum and selected organs: serum concentration of glucose (GLU); serum and liver concentration of triacylglycerols (TAG), cholesterol (CH), and phospholipids (PL); liver and heart muscle glycogen (GLY) concentration; liver and thymus malondialdehyde (MDA) concentration; serum corticosterone (CTS), insulin (INS), and IGF-1 concentration. GLU and TAG were measured using commercial sets (PLIVA-Lachema, Brno, Czech Republic), INS concentration was determined using commercial RIA set (DRG Instruments GmbH, Germany) and IGF-1 concentration was determined using commercial ELISA set (DRG Instruments GmbH, Germany). PL were measured from lipid phosphorus according to Bartlett et al. [45] , CH according to Zlatkis et al. [46] , GLY according to Roe and Dailey [47] , MDA was measured in reaction with thiobarbituric acid according to Satoh [48] , CTS was measured using fluorimetry according to Guillemin et al. [49] . Metabolic and hormonal parameters were evaluated by one-way analysis of variance. The experiment was carried out from November to March. The animals were treated according to the principles provided in the 
Results
Carcinogen administration reduced body mass gain in all experimental groups during the whole experiment, periovarial fat weight declined as well, this was accompanied by decrease in food intake (which was significant in 5 th and 15 th week of experiment). Higher ROS dose normalised food intake without impact on body and adipose tissue weight. Water intake in NMU+ROS100 remained increased till 15 th week of experiment ( Figure 1 , Table 1 ).
Tumor incidence declined insignificantly after ROS administration (by 26% and 24%, respectively) latency period was not changed. Higher ROS dose decreased tumor frequency per group by 44%, in NMU+ROS10 group this decline was not significant (by 38%, Figure 2 ), frequency per animal declined insignificantly after both doses (by 16% and 26%, respectively). Insignificant tumor volume decrease (by 32%) was recorded after lower ROS dose. ROS administration decreased cumulative tumor volume, more efficiently at lower dose ( Table 2 ). increased in NMU+ROS10 group in comparison with NMU and NMU+ROS100 group (Table 4) .
Discussion
Despite vast evidence on thiazolidinedione anticancer properties, most data come from in vitro studies and therefore omit the host response. Besides, in vivo studies should focus more on effects of long-term administration in order to reveal possible side effects which could contraindicate treatment in human subjects at certain risk. Until recently, two peroral antidiabetics from thiazolidinedione group had been used in diabetes type 2 treatment: pioglitazone and ROS, but because of increased risk of myocardial infarction [50] , which will be discussed further, ROS was suspended from the European market in September 2010. In the U.S.A, The number of non-tumor-bearing animals as well as total tumor number was lower in groups with chemoprevention when compared to control group. Histologically, there were no distinct differences in abundance of the carcinomas among groups. Mixed low-grade papillary and cribriform carcinoma was the most common tumor type. A bit higher ratio between low-grade/high-grade carcinomas was documented in NMU+ROS10 group, this ratio was balanced in the other groups. The interesting finding was a presence of 11 atypical tumor-like lesions localised in the lower lateral parts of the body in NMU+ROS100 group, whereas only one such lesion occurred in NMU+ROS10 group and none in untreated animals. Histological examination of these lesions revealed lipomatous origin associated with spindle cell proliferation and fat necrosis which confirmed regressive pattern (Table 3) .
Metabolic alterations after ROS administration were inconsistent. Glycaemia and insulinaemia was lower in NMU+ROS10 group, higher ROS dose increased both glucose and insulin concentration to the level of control (and intact) group but glycaemia in all groups did not exceed normal range. Carcinogen administration induced glycogen accumulation both in liver and heart muscle, ROS administration decreased it below the intact level. Serum TAG concentration increased and liver TAG concentration decreased after carcinogen administration, ROS in lower dose normalised liver TAG concentration. ROS in higher dose increased serum CH concentration (which dropped in control group), both doses decreased liver CH concentration without dose-dependent manner. Serum PL concentration increased after higher ROS dose, in liver, both ROS doses decreased PL concentration. Lower ROS dose unexpectedly increased serum CTS concentration. Carcinogen administration increased liver (but not thymus) MDA concentration, higher ROS dose decreased it to the level of intact group. In thymus MDA concentration surprisingly rose after lower ROS dose. Higher ROS dose increased liver relative weight and heart muscle weight, both absolute and relative (calculated as percentage of body weight). Serum IGF-1 concentration Non-tumor-bearing rats (one in NMU and one in NMU+ROS10) that died before the termination of the experiment were not considered. Abbreviations: NMU -control group, NMU+ROS10 -chemoprevention with rosiglitazone (10 ppm), NMU+ROS100 -chemoprevention with rosiglitazone (100 ppm), HG -high-grade, LG -low-grade. Data are expressed as means ± S.E.M. Significant differences between groups are designated as follows: NMU vs INT: a P≤0.05, aa P≤0.01; a decrease of given parameter in groups with chemoprevention (NMU+ROS10, NMU+ROS100) vs NMU: ↓ P≤0.05, ↓↓ P≤0.01, ↓↓↓ P≤0.001; an increase of given parameter in groups with chemoprevention (NMU+ROS10, NMU+ROS100) vs NMU: ↑ P≤0.05, ↑↑ P≤0.01, ↑↑↑ P≤0.001; NMU+ROS10 vs NMU+ROS100: b P≤0.05, bb P≤0.01, bbb P≤0.001. Abbreviations: NMU -control group without chemoprevention; NMU+ROS10 -chemoprevention with rosiglitazone (10 ppm), NMU+ROS100 -chemoprevention with rosiglitazone (100 ppm), INT -intact group, n -number of animals per group, GLU -glucose, TAG -triacylglycerols, PL -phospholipids, CH -cholesterol, CTS -corticosterone, INS -insulin, IGF-1 -insulin-like growth factor 1, GLY -glycogen, MDA -malondialdehyde ROS is now available only through a restricted access program. ROS use was also associated with fluid retention and weight gain [51] . In this work we evaluated effects of ROS administered in a diet at two concentrations: 10 ppm and 100 ppm which correspond to average daily intake of 0.18 mg/rat/day and 1.8 mg/rat/day, respectively. Considering body area surface, our lower ROS dose was comparable with the therapeutic dose used in human treatment (maximum dose: 8 mg/day). ROS administration had no effect on weight loss (and periovarial fat weight loss) in rats administered with carcinogen despite tendency to normalise food intake (at higher dose). Similarly, no effect on body weight gain was recoreded in the same experimental model using pioglitazone although higher pioglitazone dose (100 ppm in a diet) increased food intake and insignificantly periovarial fat weight too [52] . Asp et al. [53] reported initial weight loss delay and adipose depletion attenuation in mice with cancer cachexia administered with ROS, which, however, did not persist, food intake eventually declined as well. It seems that ROS cannot prevent weight loss in cancer subjects (which is mostly mediated by inflammatory cytokines) regardless of changes in food intake.
NMU-induced mammary tumors appear to be more estrogen-dependent, while mammary tumors induced by 7,12-dimethylbenz(a)anthracene (a procarcinogen) seem to be more prolactin-dependent [54] . It was reported that estrogen receptor β (ERβ) can inhibit ligand-mediated PPARγ-transcriptional activity and subsequently block PPARγ-induced gene expression. As we reported before, NMU-induced tumors in Sprague-Dawley rats show strong positivity for both ERα and ERβ [55] which can interfere with thiazolidinedione activity. Neither higher nor lower ROS dose significantly altered tumor growth with the exception of decreased tumor frequency per group after higher ROS dose (by 44%). Still, NMU+ROS10 group showed best histopathology profile with low-grade tumors prevalence, in NMU and NMU+ROS100 group high-grade/low-grade tumor ratio was balanced. The antitumor effect of the other thiazolidinedione, pioglitazone was better, in our previous work higher dose of pioglitazone (100 ppm) in the same experimental model significantly decreased tumor frequency per group (by 63%) and lengthened the latency period (by 32%) [36] .
The effect of ROS in NMU-induced rat mammary carcinogenesis was evaluated by Nunez et al. [34] too, but the authors chose curative model and started to administer ROS (0.06 mg/kg/rat) when tumor reached certain size, daily for 25 days. Histopathology showed 45% of tumors responded to ROS administration, the responsiveness increased in combined treatment of ROS and tamoxifen. ROS seems to be more effective in DMBA model as Kocdor et al. [35] recorded no malignant tumor after ROS administration (0.2 mg/kg via gavage, 2 weeks prior to and 1 week after the carcinogen application). The authors found high plasma prolactin but not estrogen levels, ROS probabaly protected mammary gland from prolactin effects.
Higher serum IGF-1 is associated with increased cancer risk including breast cancer [56] , but in advanced cancer stages circulating IGF-1 levels decline, both in animals [57] and humans [58] . This was proved in our previous work with metformin [59] but not in this experiment, in NMU+ROS10 group, however, serum IGF-1 increased unexpectedly. Nunez et al. [34] and Kocdor et al. [35] found no changes in serum IGF-1 level after ROS administration and similarly, pioglitazone administration did not change serum IGF-1 level [52] .
Serum cortisol increases in breast cancer patients, especially in those with weight loss [60] , serum CTS increased in control animals (administered with NMU) in our previous reports too and chemoprevention (with metformin and pioglitazone, respectively) [59, 52] decreased it. Surprisingly, in this work serum CTS was not changed after higher ROS dose and even rose after lower ROS dose, while metformin and particularly pioglitazone markedly decreased serum CTS [59, 52] ; this might contribute to lack of ROS antitumor efficacy as glucocorticoids can inhibit apoptosis in mammary epithelial cells [61, 62] .
Increased glucose turnover is the hallmark of carbohydrate metabolism in cancer cachexia. In tumor-bearing subjects gluconeogenesis is enhanced and plasma glucose clearance increases due to large glucose consumption in tumors and, as a result, plasma INS decreases. However, according to some authors, the decreased INS concentrations are secondary to the decreased food intake and not the presence of a tumor per se [63, 64] . In this work, lower ROS dose decreased glycaemia and insulinaemia but glycaemia values in all groups remained in the normal range, as they did in previous reports with metformin and pioglitazone administration, respectively [59, 52] . No changes in serum INS after ROS administration were reported by Nunez et al. [34] as well. GLY concentration rose in NMU group both in liver and heart muscle and decreased after both ROS doses, we expected contrary results as in previous experiments metformin and pioglitazone restored glycogen values which were decreased in NMU group [59, 52] Cancer subjects exhibit lipomobilisation resulting in depletion of adipose tissue and liver TAG and increase in serum TAG. This was seen in our work too, ROS at lower (but not at higher) dose attenuated liver lipomobilisation, though did not change serum TAG levels. In the previous work, pioglitazone had the same effect but only at higher dose. ROS administration led to decreased liver PL concentrations (at both doses) and increased serum PL levels (at higher dose). In our previous work, no changes in PL concentration were recorded [59, 52] . Similarly, neither serum PL concentrations nor the spectrum of the individual phospholipids differed between breast cancer patients and healthy women [65] . Lipid metabolism alteration in carcinogensis results in lower total and HDL CH in serum [60, 66] . Lower serum total CH was recorded in NMU group, ROS administration increased it (significantly at higher dose).
Both ROS doses markedly decreased liver CH concentration. In our previous work pioglitazone administration did not change serum and liver CH concentration [52] .
In both cancer disease and diabetes increased oxidative damage was seen [67, 68] , this may be a result of increased reactive oxygen species formation and/or attenuated antioxidant capacity. Reactive oxygen species enhance lipid peroxidation which results in higher MDA production. Increased lipoperoxidation in liver after carcinogen administration was seen in this as well as in our previous experiments and peroral antidiabetics metformin, pioglitazone, and ROS at higher dose exerted clear protective effects [59, 52] . In thymus, however, MDA concentration in NMU goup did not differ from intact value and even rose after lower ROS dose. Nevertheless, our results indicate peroral antidiabetics may have a role in maintaining biomembrane integrity through lipid peroxidation inhibition.
Cardiovascular safety of ROS remains important issue. Although its use does not increase overall cardiovascular mortality, previously suspected increased heart failure risk [69] was confirmed [50] . ROS induces cardiac hypertrophy which may occur via PPARγ-independent effects in cardiomyocytes or PPARγ in nonmyocyte cells or may be secondary to blood volume expansion [51, 70] . In our work ROS administered at higher dose induced prominent cardiac hypertrophy, both absolute and relative heart muscle weight increased by 40%. Lower ROS dose increased relative heart muscle weight when compared to NMU group too (though only by 5%). It should be noted, however, that our higher dose was about 10-fold higher than those used in diabetes treatment (considering body surface). So far, human data have not challenged the cardiovascular safety of another thiazolidinedione pioglitazone which may even exert cardioprotective effect [71] , yet, in our previous work, higher dose of pioglitazone increased relative heart muscle weight by 7% (unpublished data), so possible cardiovascular risk of pioglitazone should be monitored.
Comparing ROS and pioglitazone anticancer efficacy and metabolic impact in NMU-induced rat mammary carcinogenesis model, ROS seems to exert less chemopreventive potential, but both substances can alleviate some unfavourable metabolic alterations resulting from cancer progression such as liver lipid peroxidation. However, side effects of thiazolidinediones (particularly risk of cardiac hypertrophy) must not be omitted and new analogues such as rivoglitazone (which is currently under research for use) should be carefully evaluated before their use in diabetes treatment, which, in most cases, is long lasting.
